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Description 

This invention is generally directed to a fluid processing system where the fluid viscosity of a working fluid 
is measured by inference from pressure/flow measurements earlier made using a reference fluid of known vis- 

5 costty. It is particularly useful in a blood constituent processing system where the hematocrit of blood con- 
stituent containing fluids may be critical to the successful or efficient operation of the system since there are 
known or derivable relationships between blood constituent viscosity and hematocrit. 

Blood constituent processing systems may, for example, be of the type which pass blood through a con- 
stituent separating device so as to obtain concentrated blood plasma and/or platelet constituents while return- 

10 ing residual blood constituents to the donor or making them available for other uses. In these and/or other blood 
constituent processing systems, the hematocrit of the blood (an accepted measurement of the percentage con- 
tent of red blood ceils) can often be related to a critical system control parameter. For example, the optimum 
and/or maximum flow rate through a blood constituent separating device (so as to avoid hemolysis) may be 
directly related to the hematocrit of blood constituent containing fluid flows. 

15 Unfortunately, hematocrit, even of whole blood directly from a human donor, may vary considerably from 
one donor to the next depend ing upon age, sex or other criteria. If an excessive flow rate occurs for the existing 
hematocrit then unacceptable separation processes may result thus contaminating or otherwise making unus- 
able the entire output of a given processing run. While there are known techniques for determining the hematoc- 
rit of a donor's blood, it may be undesirable and/or unacceptable for various reasons to prick a donor's finger 

20 or otherwise obtain an initial blood sample. In addition, the process necessarily consumes additional time and 
other facility resources and is subject to human operator mistakes. 

Accordingly, in some blood constituent processing systems, an automatic iterative procedure has been 
adopted to empirically determine something close to an optimum blood flow rate. However, because of the criti- 
cality of the flow rate parameter, such procedures typically begin with an extremely conservative value and 

25 then only very slowly adapt towards an optimum value. For example, although one might typically expect to 
pump a platelet concentrate out of a separator device at approximately 6 millimeters per minute (assuming a 
typical blood flow input of 50 milliliters per minute), one might start out at a conservative rate (e.g. 3 millimiters 
per minute) equal to only half the typically expected final rate and then slowly increase the pumping rate of 
concentrate in small increments (e.g. over an adaptation period of perhaps 20 minutes out of a total processing 

30 session of 90 minutes per donor). Itfollows that if one could somehow accurately estimate the actual hematocrit, 
then one could much more quickly adjust to the optimum flow rates based upon known or easily derived rela- 
tionships between hematocrit and optimum flow rates. 

The rate at which residual blood constituents are returned to the patient may also be critically related to 
hematocrit of those residual constituents. While the optimum rate for returning packed red cell blood con- 

35 stituents to the patient are related to patient health and/or comfort, the critical input flow rates to the separator 
device are typically required so as to avoid undue hemolysis and/or to ensure proper blood constituent sepa- 
ration efficiency/efficacy. 

The precharacterising part of claim is based on the blood sampling procedure disclosed above and the 
distinguishing features of the invention are contained in the characterising part of Claim 1. 

40 In existing blood processing systems (e.g. such as platelet separation systems), a known liquid such as 
saline solution is already utilized during a priming procedure which can be easily adapted so as to calibrate a 
flow restrictor within the fluid circuit and which can later be used as a transfer standard so as to measure (by 
inference) the viscosity of the working fluid (e.g. whole blood or other blood constituent containing fluids). 
It is well known that the pressure drop across a known flow restrictor provides a linear measure (within 

45 flow limits) of fluid viscosity (e.g. as disclosed in Mc Graw-Hill, Encyclopedia of Science and Technology, vol. 
14, pages 385-6, 1977). However, the pressure drop across a small diameter flow restrictor (e.g. as in a blood 
draw/blood return needle orifice) varies as the fourth power of the restrictor diameter. This requ ires very precise 
control of the restrictor, or accurate calibration. 

Atypical blood constituent processing system includes a priming sequence wherein saline solution is pum- 

50 ped through all fluid flow paths so as to rid a disposable plastic tubing set of air prior to the introduction of blood 
to the system. During this initial priming procedure, a known flow rate of saline solution having a known viscosity 
may be caused to flow through at least one needle orifice which will later be used for blood flow. In the exem- 
plary embodiment, separate blood draw and blood return needles are employed and they are temporarily 
housed with in a common closed fluid container during the priming procedure with the saline solution being pum- 

55 ped serially through one of the needles, the common chamber, and the other needle. In the exemplary embo- 
diment, to simplify matters and permit use of existing apparatus, it may be assumed that both needles in a given 
set are identical (i.e. that they have the same sized orifice and that they therefore have equal pressure drops). 
Blood or blood constituent containing fluids will later flow through these same needles and for several 
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reasons (some of which are already expressed above), the viscosity of the craw blood and the viscosity of the 
return blood are desirable parameters to determine and use for appropriate control purposes within the system 
(e.g. for controlling the flow rate of blood drawn from the donor's vein, for controlling the flow rate of packed 
blood cell fluid returning to a donor vein and/or for controlling the rate at which platelet, plasma or other blood 

5 constituent concentrates are extracted from a separation device. 

Since the blood draw and blood return needles are also stable flow restrictors (i.e. the orifice diameter of 
a given needle will not materially change during blood flows), and since pressure sensors are already suitably 
positioned within the system and accommodated by existing disposable plastic tube sets, it is possible to obtain 
relative pressure drop and flow measurements using the saline solution of known viscosity during the priming 

10 procedure which data can, it turn, be utilized as relative calibration constants so as to determine the viscosity 
of blood or blood components later flowing through the same needles (and from which thus determined blood 
viscosity values and hematocrit values can be Inferred from known relationships, e.g. as disclosed in FR-A-1 
468 325). 

For example, suppose the pressure drop across the draw needle is 43 mmHg at a flow rate of 1 00 milliliters 
15 per minute of saline solution and further assume that the known relative viscosity of the saline solution is 1 .0 
at 20°C. Suppose that during subsequent blood constituent processing operations, the fluid pressure across 
the blood draw needle for whole blood is 76 mmHg. The relative viscosity of the whole blood is then simply 
equal to [flow rate saline/flow rate blood] X [pressure blood/pressure saline] = [100/50] X {76/43} = 3.53. In 
effect, since the calibrating measurements for the needle were made at approximately 20°C where the relative 
20 viscosity of water and saline solution is substantially 1 .0 (except for possible needle temperature effects), the 
needle will automatically become a relative viscosity measuring instrument for blood at the usual blood tem- 
perature of about 37°C (which typically is also the assumed blood temperature for blood viscosity measure- 
ments). Based on known relationships between blood viscosity and hematocrit (e.g. see FIGURE 3) it can now 
be accurately estimated that since the blood/relative viscosity has a value of 3.53, the hematocrit is approxim- 
25 ately 55. 

These as well as other objects, advantages and features of this invention will be more completely under- 
stood and appreciated by carefully reading the following detailed description of a presently preferred exemplary 
embodiment taken in conjunction with the accompanying drawings, of which: 

FIGURE 1 depicts a blood constituent separating system in an initial priming procedure suitable for obtain- 
30 ing viscosity calibration data using a known saline solution; 

FIGURE 2 is a schematic depiction of the FIGURE 1 system illustrating a subsequent blood constituent 

processing operation and a microprocessor-based controller for controlling the various pumps, monitoring 

pressure transducers, and interfacing with a human operator, . 

FIGURE 3 is a graphical depiction of the known relationship between hematocrit and relative blood viscosity 

35 at an assumed temperature of 37°C; 

FIGURE 4 is a flow chart of a suitable hematocrit calibration subroutine which may be utilized by the micro- 
processor-based controller during an initial priming procedure of FIGURE 1; and 
FIGURE 5 is a flow chart of a hematocrit estimation subroutine which may be utilized by the microproces- 
sor-based controller during subsecuent blood constituent processing operations as depicted in FIGURE 

40 2. 

A blood constituent processing system capable of separating platelets and/or plasma from a donor and 
returning the residual blood constituents to the donor is depicted in FIGURE 1. In this particular exemplary 
system, two needles happen to be employed. A draw needle 10 if used to extract whole blood from a patient 
or donor and a return needle 1 2 is used to return residual/treated blood constituents to the donor (e.g. through 

45 a vein located in a different part of the body from the draw. needle location). The entire fluid flow path including 
all interconnecting tubing, the platelet separator/Plasma filter and the like are typically defined by a disposable 
plastic tubing harness or set which also includes the draw needle 10 and return needle 12. This disposable 
tubing set is then manually inserted into the apparatus of FIGURE 1 so as to be mechanically coupled to various 
peristaltic pumps, pressure sensors, electromagnetically operated clamps, and the like. An anticoagulant is typk 

so catly metered from supply 14 through line 16 by a controlled pump 18 into the drawn blood supply near the 
draw needle 10. Drawn blood is pumped through draw needle 10 and plastic tubing 20 in the direction of the 
arrow by a controlled peristaltic blood pump 22, through a filtering trap 24, an opened blood clamp C1 and to 
the input side of the platelet separator/plasma filter device 26. It will also be observed that a pressure transducer 
branch tubing 28 is connected to the draw line 20 near location 30 (and typically includes an upper volume of 

55 trapped air) communicating with the pressure transducer P1 . 

The filtrate from the separator/fitter device 26 is pumped through line 32 by a controlled peristaltic con- 
centrate pump 34 and on through a photosensitive red cell detector 36 and tubing 38 to a filtrate collector bag 
40. 
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The residual blood constituents from separator/fBter 26 pass out through line 42 through a blood clot trap 
44, opened return clamp C5 and back to the return needle 12 via tubing 46. It will also be observed that the 
pressure of the return line may be monitored via branch line 48 connected at juncture 50 (and typically including 
a volume of trapped air) communicating with pressure transducer P2. A saline branch line 52 is also connected 
near junction 50 passing through electromagnetically controlled clamp C2 and back to the saline source 54 
(which is also connectable via tubing 56 to the filter trap 24 and, therefore, to the draw side of the fluid circuit). 

During conventional initial priming procedures, the system of FIGURE 1 Primes the fluid circuit with saline 
solution from supply 54. At some Portion of the priming procedure, the draw needle 10 and return needle 12 
will still be housed within their initially supplied antiseptic container 58 (which may include a nonwettable micro- 
scopic air filter 60 which, when disposed vertically, permits any included air to exit from the system but which 
does not permit the entry of microbes nor the exit of saline solution). During this portion of the priming pro- 
cedure, the saline solution may be pumped (in either direction) by blood pump 22 around a fluid circuit in which 
the saline solution passes, inter alia through tubing 46 and return needle 12, the common fluid chamber 58, 
draw needle 10 and tubing 20. The rate of such flow may be controlled to a known or predetermined value by 
controlling the operation of blood pump 22 and the relative pressure across the orifices of the return and draw 
needles may also be monitored via pressure transducers P1 (at the low pressure side of the draw needle 10) 
and P2 (at the high pressure side of the return needle 12). 

Although it would be preferable to know the exact pressure drop across each individual needle 10, 12, this 
might require measuring the relative pressure within container 58. To avoid such extra complexity, in the exem- 
plary embodiment, it is merely assumed that the two needles within a given disposable set will have identical 
fluid flow characteristics. Accordingly, the pressure drop across the pair of serially connected needles P2-P1 
is simply divided by two to obtain an assumed pressure drop across either one of the two needles. (Pressure 
transducers P1 and P2 may be initially calibrated to a common "base line" reading at zero flow conditions so 
as to reduce errors as will be appreciated). 

The system of FIGURE 1 is schematically depicted again in FIGURE 2 where solid lines are used to indicate 
fluid flow connections and dotted lines are used to indicate electrical connections to the microprocessor-based 
controller 100. As will be understood, human operator interface with the microprocessor-based controller 100 
may be achieved via operator control switches 102 and visual display 104. As depicted in FIGURE 2, the draw 
and return needles 10, 12 now have been removed from their initial antiseptic container 58 and inserted within 
a patient so as to draw blood into the process and to return residua! blood constituents to the donor. A conven- 
tional patient blood pressure measuring cuff 106 may also be employed so as to obtain a measure of the 
patient's blood pressure. Here, the viscosity calibration factors earlier determined using saline solution during 
the initial priming procedure may be utilized to accurately estimate hematocrit of the drawn and returned blood 
flows passing through needles 10, 12. 

As presumably noted, the relationship between pressure drop, flow rate, viscosity and orifice diameter 
varies as the fourth power of the diameter 
or 

Fa— [Equation 1] 

n 

Tia(D*AP)/F [Equation 2] 

where: 

F = the fluid flow rate through a flow restricting orifice 

D = the diameter of the flow restricting orifice 

t) = the viscosity of the fluid 

AP - the pressure drop accross the orifice 

In the system of FIGURES 1 and 2 there are in reality two orifices of interest, each having its respective 
diameter D DB (for the "draw blood" needle) and Drb (for the return blood needle). To simplify matters, for a 
given set of disposanle needles, it is now assumed that D=D D b = Drb- Therefore, during the priming procedure, 
the saline solution pressure drop AP DBS across the drawn blood ("DB") needle can also be assumed to equal 
the pressure drop APrbs across the return blood ("RB") needle. Thus, for the saline solution: AP S =AP DBS =AP RBS . 
During the priming procedure when the needles are connected In series, it is also known that the flow rates 
(Fobs. Frbs) of saline solution through the draw blood ("DB") and return, blood ("RB") needles are also equal: 
F S =F DBS =F RBS and that flow rate F s is determined by the controlled blood flow pump 22. 

During the priming procedure when saline solution fills the liquid flow paths, the combined pressure drop 
across both the DB and RB needles can be measured via P1 and P2: 
2AP s =P2g-P1 8 [Equation 3] 

Therefore it follows that 

ils a (CHAPsVFg = [D*(P2s-P1 S )/2]F S [Equation 4[ 
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During actual blood flows, it also follows from Equation 2 that: 

nwi « (D 4 APdb)/F dh [Equation 5] 
Hrb a (DMPrbJ/Frb [Equation 6] 

where 

5 t|db = the viscosity of the drawn blood 

APqq - the measured pressure drop across the drawn blood needle 
Fqb = the controlled flow rate of blood pump 22 
tIrb = the viscosity of the returned blood 
aPrb = the measured pressure drop across the return blood needle 
10 Frb = the flow rate of return blood (I.e. Fob - the flow rate of filtrate) 

Then, by ratioing Equation 5/Equation 4 and Equation 6/Equation 4, one obtains: 
t|db = 1s(Fs/F DB ) x (AP DB /AP S ) [Equation 7] 
t|rb = i1s(Fs/Frb) x (APrs/APs) [Equation 8] 

And T\ s = 1 .0 in this example. 

15 To measure the pressure drops AP D b and APrb, the system may be controlled to effect a zero DB and RB 
flow rate thus Permitting P1 and P2 to provide a measure of the then existing venous pressure on the distal 
side of the DB and RB needles respectively. The pumps then may be rather quickly run up to a predetermined 
value (e.g. 50 ml/min) and another reading of P1 and P2 provides the relative fluid pressures on the near side 
of the needle orifices for that flow rate. The difference between the zero flow and non-zero flow pressure meas- 

20 urements then provide the AP Da and APrb values. 

Since all of the terms in Equations 7 and 8 are either determined during the initial calibration/priming pro- 
cedure using the saline solution or are readily determinable at any point during a subsequent blood constituent 
processing operation, it follows that the viscosity of both the drawn and return blood can be readily calculated. 
Once such viscosity values are in hand, then there is a known relationship between hematocrit and absolute 

25 blood viscosity at 37°C which is depicted in FIGURE 3. Using the calculated bloom viscosity values, a simple 
look-up table routine may be employed (e.g. in conjunction with a prestored table of values representing the 
curve shown in FIGURE 3) so as to derive an accurate estimate for hematocrit Alter natively, an analytic 
mathematical expression might be derived (e.g. to represent the curve shown in FIGURE 3) and the hematocrit 
could then be analytically calculated using such a formula. 

30 Although those in the art will be capable of devising many types of software and/or hardware modifications 
to a typical blood constituent processing system so as to practice the method of this invention, one suitable 
set of software subroutines which might be employed with the microprocessor controller of FIGURES 1 and 2 
is depicted at FIGURES 4 and 5. 

For example, during the initial priming procedure, and during a time when saline solution is flowing serially 

35 through the drawn blood and return blood needles 10, 12 and the interconnecting chamber 58, the hematocrit 
calibration subroutine 400 of FIGURE 4 may be entered. Alternatively, these software modifications might be 
embedded directly in the portion of the software which controls the priming procedure. The calibration pro- 
cedure can also be performed twice (once for fluid flow in one direction and then again for fluid flow in the 
other direction) - or even more - with the individual results being averaged. At step 402, the saline solution 

40 flow rate F s is recorded and at step 404, the pressure drop AP S is recorded (i.e. one-half the combined pressure 
drop across both the draw and return needles-as measured by transducers P1 and P2 in the exemplary embo- 
diment). A normal exit or return to the regular priming program may be had at step 406. 

Subsequently, during normal blood constituent processing, entry may be made (whenever desired) to the 
hematocrit estimation subroutine 500 of FIGURE 5. Here, at step 502, a record is made of the then current 

45 draw blood needle flow rate F DB and of the return blood needle flow rate F RQ (equal to the difference between 
the flow rates of the blood pump 22 and the conce ntrate pump 34). At step 504, a record is taken of the pressure 
drop APqb across the draw blood needle and APrb across the return blood needle. (As previously mentioned, 
this may involve a controlled zero flow period so as to obtain P1 and P2 data for the current venous pressure 
on the distal side of the needle orifices.) Thereafter, at step 506, the blood viscosities for both the drawn and 

so return blood are calculated using the formulas of Equations 7 and 6. At step 508, the predetermined and known 
functional relationship between hematocrit and blood viscosity is utilized either in a conventional look-up table 
routine or via a suitable analytic formula to derive an accurate estimate for the drawn blood hematocrit H DB 
and for the return blood hematocrit Hrb. Finally, at step 510, the hematocrit estimates may be displayed (e.g. 
see display 104 in FIGURE 1) and/or the pump flow rates may be reset as necessary to maintain optimum 

55 flow rates through the system for the current estimate of hematocrit Return to regular system control software 
functions may be had at 512 as should be apparent 
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Claims 

1. A method of optimising the flow rate of blood through blood constituent processing apparatus for proces- 
sing efficiency or efficacy without undue hemolysis, the method comprising determining a hematocrit 

5 value of blood to be processed, and determining the optimum flow rate from the hematocrit value, wherein 

the processing apparatus includes a blood draw/return needle (10,12) and an initial priming procedure is 
carried out with a priming liquid prior to processing of blood, the method being characterised by> 
carrying out the priming procedure with a priming liquid of know viscosity; 
measuring the pressure drop across the orifice of the needle at a first flow rate of the priming liquid; 
10 during each subsequent blood constituent processing operation of the apparatus, measuring the 

pressure drop across the needle orifice for a second known flow rate of blood or blood constituent; 

determining the blood viscosity value as a function of the measured pressure drops and flow rates; 

and 

determining a hematocrit value as a function of said blood viscosity value. 

15 

2. A method as in claim 1 wherein said predetermined fluid is a saline solution having a viscosity of approxim- 
ately 1 .0 at 20°C. 

3. A method as in claim 1 or 2 wherein said blood constituent processing system includes both a blood draw 
needle (10) and a blood return needle (12) which, during the priming procedure, are disposed within a 
fluid containing chamber (58) with said predetermined fluid being pumped serially through said needles 
and chamber, each needle being assumed to have an approximately equal pressure drop thereacross 
which is equal to one- ha If the actually measured fluid pressure drop appearing across the fluid-connected 
series combination of the needles and chamber. 

25 4. A method as in claim 3 wherein during said subsequent blood constituent processing operations: 

the pressure drop across the draw needle (1 0) and across the return needle (12) are both measured 
for respectively associated known draw and return flow rates; 

a first blood viscosity value is determined for drawn blood and a second blood viscosity value is 
determined for returned blood; and 
30 a first hematocrit value is determined for drawn blood and a second hematocrit value is determined 

for returned blood. 

5. Blood constituent processing apparatus including means for performing an initial priming procedure within 
afiuid flow system of the apparatus and including at least one blood draw/return needle (10,12) and means 
35 (26) for performing subsequent blood constituent processing operations, characterised by means permit- 

ting optimisation of the flow rate of blood through the apparatus for processing efficiency or efficacy with- 
out undue hemolysis, according to the method of Claim 1 , the means including:- 

means (P1 ,P2) for measuring the pressure drop across the orifice of the needle (1 0,12) of the prim- 
ing liquid and of blood; and 

40 means (100) for determining a blood viscosity value as a function of measured pressure drops and 

flow rates; 

whereby a hematocrit value can be determined as a function of the blood viscosity value and the 
optimum flow rate determined. 

45 6. Apparatus as in claim 5 using a saline solution having a viscosity of approximately 1.0 at 20°C as said 
predetermined fluid. 

7. Apparatus as in claim 5 or 6 wherein said blood constituent processing system includes both a blood draw 
needle (10) and a blood return needle (12) which, during the priming procedure, are disposed within a 
so fluid containing chamber (58), pumping means (22) for pumping said predetermined fluid serially through 

said needles (10,12) and chamber (58), each needle having an approximately equal pressure drop there- 
across which is equal to one-half the actually measured fluid pressure drop appearing across the fluid- 
connected series combination of the needles and chamber. 

5 5 8. Apparatus as in claim 7 including means (P1, P2, 100) operative during said subsequent blood constituent 
processing operations to: 

measure the pressure drop across the draw needle and across the return needle for respectively 
associated known draw and return flow rates; 



6 



EP 0 287 651 B1 



40 



determine a first blood viscosity value for drawn blood and a second blood viscosity value for retur- 
ned blood; and 

determine a first hematocrit value for drawn blood and a second hematocrit value for returned 

blood. 



Patentanspruche 

1. Verfahren zum Optimieren der Durchf lu&rate, von Blut durch eine Blutbestandtefl-Aufbereitungsvorri- 
chung mit gutem Aufbereitungswirkungsgrad ohne unangemessene HSmolyse, wobei das Verfahren fol- 
gende Schritte aufweist: Bestimmen eines HSmatokritwerts von aufzubereitendem Blut und Bestimmen 
der optimalen Durchf luBrate aus dem Hamatokritwert, wobei die Aufbereitungsvorrichtung eine Blutent- 
nahme/Blutruckffihr nadel (10, 12) aufweist und vor dem Aufbereiten von Blut ein anfSnglicher Vorberei- 
tungsschritt mit einer Vorbereitungsflussigkeit durchgefuhrt wird, wobei das Verfahren durch folgende 
Schritte gekennzeichnet Est 

Durchfuhren des Vorbereitungsschritts mit einer Vorbereitungsflussigkeit bekannter Viskositat; 
Messen des Druckabfalls uber die Offnung der Nadel bei einer ersten Durchf luBrate der Vorbereitungs- 
flussigkeit; 

Messen des Druckabfalls uber die Nadeloffnung bei einer zweiten bekannten Durchf luBrate von 
Blut oder Blutbestandteil w&hrend jedes nachfolgenden Btutbestandteil-Aufbereitungsvorgangs der Vor- 
richtung; 

Bestimmen des Blutviskositatswerts als eine Funktion dergemessen DruckabfSlle und Durchf luB- 
raten; und 

Bestimmen eines Hamatokritwerts als eine Funktion dieses Blutviskositatswerts. 

2. Verfahren nach Anspruch 1 , wobei das vorbestimmte Fluid eine Kocksalzlosung mit einer Viskositat von 
ca. 1,0 bei 20 °C ist 

3. Verfahren nach Anspruch 1 oder 2, wobei das Blutbestandteil-Aufbereitungssystem sowohl eine Blutent- 
nahmenadel (10) als auch eine Blutruckfuhrnadel (12) aufweist, die wdhrend des Vorbereitungsschritts 
in einer Fluid enthaltenden Kammer (58) angeordnet sind, wobei das vorbestimmte Fluid nacheinander 
durch die Nadeln und die Kammer gepumpt wird, wobei von jeder Nadel angenommen wird, dad an ihr 
ein ungefahr gleicher Druckabfall vorliegt, der gleich dem halben tatsachlich gemessenen Fluiddruckab- 
fall ist, der an der in Fluidverbindung befindlichen Reihenkombination der Nadeln und der Kammer auftritt. 

4. Verfahren nach Anspruch 3, wobei wahrend der nachfolgenden Blutbestandteil-Aufbereitungsvorgdnge: 

der Druckabfall sowohl an der Entnahmenadel (10) als auch an der Ruckfuhrnadel (12) bei jeweils 
zugeordneten bekannten Entnahme- und Ruckfuhrdurchflu&raten gemessen wird; 

ein erster Blutviskositatswert fur entnommenes Blut und ein zweiter Blutviskositatswert fur ruck- 
gefuhrtes Blut bestimmt wird; und 

ein erster Hdmatokritwert fur entnommenes Blut und ein zweiter Hdmatokritwert fur rOckgefuhrtes 
Blut bestimmt wird. 

5. Blutbestandteil-Aufbereitungsvorrichtung, die aufweist eine Einrichtung, um einen anfSnglichen Vorbe- 
reitungsschritt in etnem Ruiddurchfludsystem der Vor rich tung durchzufuhren, und wenigstens eine Blut- 
entnahme/BlutruckfQhrnadel (10, 12) und eine Einrichtung (26), um nachfolgende Blutbestandteil- 
Aufbereitungsvorgange durchzufuhren, gekennzeichnet durch Mittel, die ein Optimieren der Durchf luarate 
von Blut durch die Vorrichtung mit gutem Aufbereitungswirkungsgrad ohne unangemessene Hamolyse 
nach dem Verfahren von Anspruch 1 zulassen, wobei die Mittel aufweisen: 

Einrichtungen (P1, P2), um den Druckabfall der Vorbereitungsflussigkeit und von Blut uber die Off- 
nung der Nadel (10, 12) zu messen; und 

eine Einrichtung (100), um einen Blutviskositatswert als eine Funktion von gemessenen Druckab- 
falle und Durchflu&raten zu bestimmen; 

wodurch ein Hamatokritwert als eine Funktion des bestimmten Blutviskositatswerts und der be- 
stimmten optimalen DurchfluBrate bestimmt werden kann. 

6. Vorrichtung nach Anspruch 5, bei der eine KochsalzlSsung mit einer Viskositat von ca. 1 ,0 bei 20 °C als 
das vorbestimmte Fluid eingesetzt wird. 
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7. Vorrichtung nach Anspruch 5 oder 6, wobei das Blutbestandteil-Aufbereitungssystem aufweist: sowohl 
eine Blutentnahmenadel (1 0) alsauch eine Blutruckfuhrnadel (12), die wShrend des Vorbereitungsschritts 
in einer Fluid enthaltenden Kammer (58) angeordnet sind, und eine Pumpe (22), um das vorbestimmte 
Fluid nacheinander durch die Nadeln (10, 12) und die Kammer (58) zu pumpen, wobei an jeder Nadel ein 

5 ungefShr gleicher Druckabfall vorliegt, der gleich dem halten tatsachlich gem ess en en Fluiddruckabfall 1st, 

der an der in Fluidverbindung bef indlichen Reihenkombination der Nadeln und der Kammer auftritt. 

8. Vorrichtung nach Anspruch 7 mit Einrichtung (P1 , P2; 100), die w3hrend der nachfolgenden Blutbestand- 
teil-Aufbereitungsvorg§nge wirksam sind, um: 

10 den DruckabfaM an der Entnahmenadel und an der Ruckfuhrnadel bei jeweils zugeordneten be- 

kannten Entnahme- und Ruckfuhrdurchflu&raten zu messen; 

einen ersten Blutvtskositatswert fur entnommenes Blut und einen zweiten Blutviskositatswert fur 
ruckgefuhrtes Blutzu bestimmen; und 

einen ersten Hamatokritwert fur entnommenes Blut und einen zweiten Hamatokritwert fur ruckge- 
1S fuhrtes Blutzu bestimmen. 



Revendicatlons 

20 1- Proc6de d 'optimisation du debit de sang a travers un appareil de traitement des constituants du 
sang .pour ameliorer le rendement ou I'efficacite sans hemolyse anormale , le precede comprenant la deter- 
mination d'une valeur d'hematocrite du sang a traiter et la determination du debit optimal a partir de la valeur 
d'hematocrite, dans lequel I'appareil de traitement comprend une aiguille de prise/retour de sang (10,12) et 
une procedure d'amorcage initial est effectuee avec un liquide d'amorcage avant le traitement du sang, le pro- 
25 cede etant caracterise par : 

I'execution de la procedure d'amorcage avec un liquide d'amorcage de viscosite connue ; 
la mesure de la chute de pression a travers I'orifice de I'aiguille.a un premier debit du liquide d'amor- 
cage ; 

pendant chaque operation subsequent^ de traitement des constituants sanguins de i'appareil, la mesure 
30 de la chute de pression a travers I'orif ice de I'aiguille pour un deuxieme debit connu de sang ou de constituant 
du sang ; 

la determination de la valeur de viscosite du sang en fonction des chutes de pression et des debits mesu- 
res ; et 

la determination d'une valeur d'hematocrite en fonction de ladite valeur de viscosite du sang. 
35 2.- Procede suivant la revendication 1, dans lequel ledit fluide predetermine est une solution saline ayant 

une viscosite de 1,0 environ a 20°C. 

3. - Procede suivant la revendication 1 ou 2, dans lequel ledit systeme de traitement des constituants du 
sang comprend a la fois une aiguille de prise de sang (10) et une aiguille de re tour de sang (12) qui sont dis- 
posees, pendant la procedure d'amorcage, dans une chambre (58) contenant un fluide, ledit fluide predeter- 

40 mind etant pompe en serie a travers lesdites aiguilles et ladite chambre, chaque aiguille etant supposee creer 
une chute de pression sensiblement egale qui correspond a la moitie de la chute de pression du fluide effec- 
tivement mesuree apparaissant d'un cote a I'autre de la combinaison des aiguilles et de la chlore connectees 
pour une circulation de fluide en serie. 

4. - Procede suivant la revendication 3, dans lequel, pendant lesdites operations subsequentes de trarte- 
45 ment des constituants du sang : 

la chute de pression a travers I'aiguille de prise (10) et la chute de pression a travers ('aiguille de retour 
(12) sont toutes deux mesurees pour des debits de prise et de retour respectivement associes connus ; 

une premiere valeur de viscosite du sang est determinee pour le sang preleve et une deuxieme valeur 
de viscosite du sang est determinee pour le sang retourne; et 
so une premiere valeur d'hematocrite est determinee pour le sang preleve et une deuxieme valeur d'hema- 

tocrite est determinee pour le sang retourne. 

5. - Appareil de traitement des constituants du sang, comprenant des moyens d'execution d'une procedure 
d'amorcage initial dans un systeme de circulation de fluide de rappareil et comprenant au mofns une aiguille 
de prise/retour de sang (10,12) et des moyens (26) d'execution d'operations subsequentes de traitement des 

55 constituants du sang, caracterise par des moyens permettant ('optimisation du debit de sang a travers I'appareil 
af in d'ameliorer le rendement ou I'efficacite sans hemolyse anormale, conformement au proced6 de la reven- 
dication 1, les moyens comprenant : 

des moyens (P1.P2) de mesure de la chute de pression, a travers ('orifice de I'aiguille (10,12), du liquide 
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d'amorcage et du sang ; et 

des moyens (100) de determination d'une valeurde viscosite du sang enfonction des chutes de pression 
et des debits mesures ; 

de sorts qu'une valeur d'hSmatocrite peut fitre determined en fonction de la valeur de viscosite du sang 
5 et du debit optimal determine. 

6. - Appareil suivant la revendication 5, qui utilise une solution saline ayant une viscosite de 1,0 environ a 
20°C, comme dit fluide predetermine. 

7. - Appareil suivant ta revendication 5 ou 6, dans lequel ledit systeme de traitement des constituants du 
sang comprend a la fois une aiguille de prise de sang (10) et une aiguille de retour de sang (12) qui sont dis- 

10 pos£es, pendant la procedure d'amorcage, dans une chambre contenant un fluide (58), des moyens de pom- 
page (22) pour pomper ledit fluide predetermine s6riellement a travers lesdites aiguilles (10,12) et ladite 
chambre (58), chaque aiguille engendrant sensiblement la mfime chute de pression qui est 6gale a la moitie 
de la chute de pression de fluide effectivement mesur6e apparaissant a travers la combinaison des aiguilles 
et de la chambre connectees pour une circulation de fluide en s6rie. 
15 8.- Appareil suivant la revendication 7, comprenantdes moyens (P1 ,P2,100) quifonctionnent, pendant les- 
dites operations subsequentes de traitement des constituants du sang, pour : 

mesurer la chute de pression a travers I'aiguille de prise et a travers I'aiguille de retour, pour des debits 
de prise et de retour respectivement assoctes connus ; 

determiner une premiere valeur de viscosite du sang pour le sang preleve et une deuxieme valeur de 
20 viscosite du sang pour le sang retour n6 ; et 

determiner une premiere valeur d'hematocrite pour le sang pr6lev6 et une deuxieme valeur d'h6mato- 
crite pour le sang retourne. 
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